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Abstract

Objectives: Curative properties of medicinal plants
such as Psidium guajava L. (Myrtaceae) have often
been indicated by epidemiological studies on popula-
tions in which these fruits are consumed daily. How-
ever, complete characterization of the active
principles responsible for this ability has never been
performed. Here, we have characterized P. guajava’s
anti-cancer potential and identified the parts of the
fruit involved in its anti-neoplastic action.

Materials and methods: We studied morphology of
our cells, cell cycle characteristics and apoptosis
and performed immunostaining, differentiation and
western blot analyses.

Results: We report that the P. guajava extract
exerted anti-cancer control on both haematological
and solid neoplasias. P. guajava extract’s anti-
tumour properties were found to be tightly bound to
induction of apoptosis and differentiation. Use of ex
vivo myeloid leukaemia blasts corroborated that
P. guajava was able to induce cell death but did not
exhibit anti-cancer effects on all malignant cells
investigated, indicating selective activity against cer-
tain types of tumour. Analyses of P. guajava pulp,
peel and seeds identified the pulp as being the most
relevant component for causing cell cycle arrest and
apoptosis, whereas peel was responsible for causing
cell differentiation. P. guajava itself and its pulp-
derived extract were found to induce apoptosis
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accompanied by caspase activation and pl6, p2l,
Fas ligand (FASL TNF super-family, member 6),
Bcl-2-associated agonist of cell death (BAD) and
tumour necrosis factor receptor super-family, mem-
ber 10b (DRYS), overexpression.

Conclusions: Our findings showed that P. guajava
L. extract was able to exert anti-cancer activity on
cultures in vitro and ex vivo, supporting the hypothe-
sis of its anti malignant pro-apoptotic modulation.

Introduction

Medicinal use of natural products — compounds derived
from natural sources such as plants, animals and micro-
organisms — precedes recorded human history, probably
by thousands of years. However, only over the last num-
ber of decades have natural products been adopted for
roles in drug discovery and development, as it appears that
emerging scientific fields such as molecular biology and
combinatorial chemistry have not been able to totally sat-
isfy needs of the pharmaceutical industry. In concrete
terms, rational design of chemical compounds to target
specific molecules often draws upon what already exists
in nature. Thus, improving and understanding biological
effects of natural compounds represent a significant option
for drug discovery in the biomedical sciences.

Natural compounds, and particularly plant derivatives,
are the subject of an increasing numbers of studies and
growing interest is being directed to plants that are already
well known for their medicinal properties. Among these,
Psidium guajava L. (Myrtaceae) has a long history of
medicinal use in many tropical American and Southeast
Asian populations (1); being considered native to Mexico
(2), it is widespread throughout South America, Europe,
Africa and Asia although reported in indigenous systems
of medicine in the Americas more than elsewhere. Based
on archaeological evidence, this plant has been known
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and used widely in Peru since pre-Columbian times. It
grows in all tropical and subtropical areas and adapts to
different climatic conditions, although dry climates are
preferred (3). P. guajava’s main traditional use is as an
anti-diarrhoeal although other reported uses include treat-
ment of gastroenteritis, dysentery, stomach ailments and
intestinal disorders due to pathogenic infections of the
intestine (4). In form, P. guajava is a tree around 10 m in
height with thin, smooth, patchy, peeling bark. Leaves are
apposite and short-petiolate, 5-15 cm in length with oval
blades and prominent pinnate veins. Flowers are some-
what showy, with whitish petals up to 2-cm long and
numerous stamens (3). Fruit of P. guajava are fleshy, yel-
low and globose to ovoid berries roughly 5 cm in diame-
ter, with edible, pink mesocarp containing numerous
small, hard, white seeds. From a phytochemical point of
view, P. guajava fruits contain a whole range of phenolic
compounds (for example, gallic and ferulic acids), flavo-
noids (quercetin, kaempferol, guajaverin), carotenoids,
triterpenes, tannins and quinones. The heterogeneity of
P. guajava fruit constituents might explain the immense
potential of this plant in reported treatment of such diverse
conditions as diarrhoea (5), gastroenteritis and rotavirus
enteritis (6), wounds, acne, dental plaque, malaria,
allergies, coughs, diabetes, cardiovascular disorders,
degenerative muscular diseases (7,8), inflammatory ail-
ments (including rheumatism), menstrual pain, liver dis-
eases and more (9). Not surprisingly, P. guajava also
exhibits antioxidant (10) and anti-inflammatory effects, as
oxidative injury underlies many of these diseases (11).
Recently, anti-cancer activity has been reported for it and
some other types of Myrtaceae fruit (12,13), supported by
epidemiological studies on populations in which they
are regularly consumed. However, thorough analysis
and characterization of the active principles respon-
sible for this capability has not previously been per-
formed.

Here, we have characterized anti-cancer potential of
P. guajava L. and identified components of the fruit
involved in its anti-malignant properties.

Materials and methods

Plant material

Red guavas of variety IAC-4 (P. guajava L.) were
obtained in April 2007 from the Central Market of S@o
Paulo, Brazil (CEAGESP). The fruits were of excellent
quality and maturity and ripeness preferred by consumers,
for eating them fresh. Precise species identification was
carried out by Prof. Adriana Basile, section of Plant Biol-
ogy, Department of Biological Sciences, Federico II
University of Naples, IT and a voucher specimen (NAP #
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96-147) was deposited in the Herbarium Neapolitanum
(NAP), Department of Biological Sciences, University
“‘Federico II'” of Naples (Italy).

Method of extraction

The P. guajava fruits, fresh or after storage at —20 °C,
were treated with Triton X-100 0.8% water solution to
remove any epiphytic commensals normally found on the
surface. After extensive washing in TAP buffer (Tris—HCI
pH 7.0 50 mm, NaCl 180 mm, NP-40 0.15%, glycerol
10%, MgCl, 1.5 mm, NaMO4 1 mm, NaF 0.5 mm, with
protease inhibitors (Sigma, Sigma Aldrich, MI, Italy),
1 mm DTT and 0.2 mm PMSF) and distilled water, fruits
were dried on filter paper. Four different acetone extracts
were then prepared. For the first, 826 g of whole P. guaj-
ava fruit were blended, freeze-dried then extracted with
acetone for 3 days, at room temperature (3 X 5 1). Follow-
ing filtration, the solvent was evaporated at low pressure
and moderate temperature (35 °C) to provide a gum
(48 g). The same protocol was applied for preparation of
the other three extracts (of peel, pulp and seed) after iso-
lating each proposed part of the fruit (14). In brief, 364 g
of fresh P. guajava peel provided 6 g of dry acetone
extract, 1220 g fresh P. guajava pulp resulted in 50 g of
dry acetone extract and 31 g of seeds produced 300 mg of
dry acetone extract. All four extracts were freeze-dried
and successively assayed for their anti-neoplastic poten-
tial.

Cell lines, primary cells and culture conditions

NB4 cells were provided by M. Lanotte (INSERM U-496,
Centre G. Hayem Hopital Saint-Louis Paris, France). All
other cell lines were purchased from ATCC and were rou-
tinely cultured. NB4 and U937 cells were grown at 37 °C
in 5% CO, atmosphere in RPMI-1640 medium (Gibco,
NY, USA), supplemented with 10% heat-inactivated
foetal bovine serum (FBS), 1% L-glutamine, 1% ampicil-
lin/streptomycin and 0.1% gentamicin. U20S osteosar-
coma cells were grown at 37 °C in air and 5% CO, in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco)
supplemented with 5% FBS (Gibco), 1% L-glutamine,
1% ampicillin/streptomycin and 0.1% gentamicin. MDA-
MB231 breast cancer cells were grown at 37 °C in air and
5% CO, in DMEM (Gibco) supplemented with 5% FBS
(Gibco), 1% vL-glutamine, 1% ampicillin/streptomycin
and 0.1% gentamicin. Acute myeloid leukaemia (AML)
samples’ purification and cultures were carried out as pre-
viously described (15). This study was approved by the
Ethical Committee of the Second University of Naples.
SAHA (kindly provided by Merck) and MS275 (Alexis,
Vinci-Biochem SRL, FI, Italy) were resuspended in
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DMSO and used at final concentration of 5 pum. All-trans
retinoic acid (ATRA; Sigma) was resuspended in 100%
ethanol and used at a final concentration of 1 pm.

Cell cycle analysis

Samples were applied to a FACS-Calibur flow cytometer
and analysed using standard procedures using Cell Quest
software (Becton Dickinson, MI, Italy) and ModFit LT
version 3 Software (Verity Sotfware House, Topsham Me,
USA), as previously reported (16). Cell lines analysed
were NB4, U937, U20S.

FACS analysis of apoptosis

Apoptosis was measured using annexin V/propidium
iodide (PI) double staining detection (Roche, Basel,
Switzerland and Sigma-Aldrich, MI, respectively) as rec-
ommended by the suppliers; samples were analysed by
FACS with Cell Quest software (Becton Dickinson) as
previously reported (15,17). The apoptotic fraction was
calculated by measuring annexin V positive/PI negative
cells. As second assays, caspases 8, 9 and 7-3 detection
(B-Bridge) were performed as recommended by the sup-
pliers and quantified by FACS (Becton Dickinson) analy-
sis.

Granulocytic differentiation assay

Granulocytic differentiation analysis was carried out as
previously described (15,18). Briefly, NB4 cells were
harvested and resuspended in 10 pl phycoerythrine-
conjugated CDIll1lc (CDI11c-PE) or 10 pl fluorescein
isothiocyanate-conjugated CD14 (CD14-FITC) (Pharmin-
gen, San Diego, California, US). Control samples were
treated with 10 pl PE or FITC conjugated mouse IgGl,
incubated for 30 min at 4 °C in the dark, washed in phos-
phate-buffered saline (PBS) and resuspended in 500 pl
PBS containing PI (0.25 pg/ml). Samples were analysed
by FACS with Cell Quest software (Becton Dickinson).
PI positive cells were excluded from the procedure.

Western blot analysis

Forty micrograms total protein extract was separated on
15% polyacrylamide gel and blotted as previously
described (19). Western blots were performed of p2l
(dilution 1:500; Transduction Laboratories, BD group,
MI, Italy) and pl6 (dilution 1:500; Santa Cruz, S.C.,
California, US) and total mitogen-activated protein kin-
ases (ERKs) (dilution 1:1000; Santa Cruz) were used for
equal loading. To quantify TRAIL, 100 pg total protein
extract was separated on 10% polyacrylamide gel and

blotted. Western blots were performed of TNF-related
apoptosis inducing ligand (TRAIL) (dilution 1:200; Ab-
cam), and ERKs (dilution 1:1000; Santa Cruz) were used
for equal loading and the same protocol was applied for
DRS5 (dilution 1:1000; Millipore, Billerica, MA). To
determine CASP8 and FADD-like apoptosis regulator
(c-FLIP) levels, 35 ng of total protein extract was sepa-
rated on 12% polyacrylamide gel and blotted. Western
blots were performed of FLIP (dilution 1:500; Alexis);
total ERKs (dilution 1:1000; Santa Cruz) were used for
equal loading control. To determine BAD levels, 35 ng
of total protein extract was separated on 12% polyacryl-
amide gel and blotted and the same was performed for
FASL (dilution 1:500; ProSci Incorporated, Poway, Cali-
fornia, US). Total ERKs (dilution 1:1000; Santa Cruz)
were used for equal loading.

Cell morphology

NB4 cells were spun on to glass slides using a cytospin
centrifuge. Cell morphology was analysed after May—
Grunwald Giemsa staining (Sigma).

Results

Anti-proliferative activity in NB4 cells of Total acetone
Psidium guajava L. fruit extract

Psidium guajava L. exerted anti-proliferative activity and
this property was initially confirmed by using total ace-
tone P. guajava fruit extract, at different concentrations
for 48 h on NB4 promyelocitic leukaemia cells. Trypan
blue staining carried out on these cells treated with total
acetone fruit extract at different concentrations indicated
its strong anti-proliferative effect. Interestingly, the effect
of P. guajava total acetone extract was linear and dose-
dependent (Fig. 1a,b). This was confirmed by two differ-
ent time-length treatments (3 and 5 days) that displayed
greatest effect and over a concentration range of
5-1.5 mg/ml. When cell cycle effects were analysed,
treatment with total acetone P. guajava extract (over the
range of its biologically active dose) induced G1 cell cycle
block (Fig. 1c) of around 80% at concentrations of 1.5
and 3 mg/ml.

Anti malignancy activity of Total acetone Psidium
guajava L. fruit extract

Annexin V/PI double staining was carried out to discern
apoptosis of NB4 cells after treatment with total acetone
P. guajava extract. Percentage of apoptotic cells
increased during treatment and the effect was measur-
able even at low-dosage (in the order of 0.4 mg/ml)

© 2011 Blackwell Publishing Ltd, Cell Proliferation, 45, 22-31.
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Figure 1. Total acetone Psidium guajava L. fruit extract exerted anti-proliferative action on leukaemia NB4 cells. (a) Proliferation curve by try-
pan blue assay on NB4 cells at day 3 after treatment with acetone P. guajava L. extract at reported concentrations. (b) Proliferation curve by trypan blue
assay on NB4 cells at day 5 after treatment with acetone P. guajava extract at reported concentrations. Results represent average of triplicates. (c) Cell
cycle analysis of NB4 cells after treatment with selected crude P. guajava extracts for 48 h in comparison with ATRA (all-trans retinoic acid).

(Fig. 2a). When total acetone P. guajava fruit extract
was administered for 48 h ex vivo to primary acute mye-
loid leukaemia blasts (AML #106), induction of apopto-
sis was confirmed, indicating that not only leukaemia
cell lines but also primary AML cells responded to it by
apoptotic cell death (Fig. 2b). As positive controls for
induction of apoptosis, two different histone deacetylase
inhibitors (HDACis), SAHA (Vorinostat, Merck, MI,
Italy) and MS275 were used.

To establish whether P. guajava fruit extract was
also able to induce cell differentiation, presence of
CDllc, a specific marker for granulocytic differentia-

© 2011 Blackwell Publishing Ltd, Cell Proliferation, 45, 22-31.

tion, was evaluated in NB4 cells, after 48 h treatment.
CDl1c expression increased even at 0.75 mg/ml con-
centration, and reached its maximum level at 1.5 mg/ml
(Fig. 2c¢). Nevertheless, the differentiation effect was
lower than that of all-trans retinoic acid (ATRA), a
well-known anti-tumour and pro-differentiation agent
(17,18,20). In agreement with these data, immunohisto-
chemical staining revealed that after 4 days treatment
with P. guajava total acetone extract, NB4 cells
assumed characteristic granulocyte morphology with
lobed nuclei and presence of characteristic granules, as
shown in Fig. 2d. Interestingly, total acetone P. guajava
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Figure 2. Total acetone Psidium guajava L. fruit extract exerted anti-malignant and differentiation activity. (a) Percentage of apoptotic cells after
24 h treatment with indicated crude P. guajava extracts on NB4 cells. (b) Apoptosis evaluation carried out by FACS analysis on primary AML blasts
after 24 h treatment with indicated dose of total P. guajava extract. MS275 and SAHA were used as positive controls. (c) CD11c expression levels mea-
sured by FACS after 48 h treatment with indicated amounts of P. guajava extract on NB4 cells. Note that PI positive cells were excluded from the analy-
sis. ATRA was used as positive pro-differentiation compound. (d) Morphological analysis of granulocytic differentiation induction of NB4 cells after
treatment with P. guajava extract at day 4 in comparison to ATRA induction.

extract exerted both anti-proliferative effects and induc-
tion of cell death in MDA-MB 231 breast cancer cells
(Fig. 2e), thus suggesting that its anti-neoplastic activity
was present in at least this solid tumour models as To understand better the biological action of P. guajava
well. extract, we fractioned the fruit parts, aiming to identify

Psidium guajava L. pulp extract was essential
for apoptosis

© 2011 Blackwell Publishing Ltd, Cell Proliferation, 45, 22-31.
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Figure 3. Pulp Psidium guajava L. component was essential for apoptosis, peel for differentiation. (a) Cell cycle analysis on NB4 cells after stimu-
lation with total P. guajava extract and fractioned parts of P. guajava fruit, for 24 h and at 1.5 mg/ml concentration. (b) Apoptosis carried out by FACS
analysis on NB4 cells after 24 h induction with the same total and fractioned P. guajava extracts. (c) FACS evaluation of CD11c of NB4 cells. Data
show average of triplicates and ATRA was used as positive control. (d) Morphological analysis of granulocyte induction after treatment with fractioned

P. guajava components at day 4, of NB4 cells.

which component(s) (peel, pulp and seeds) were actively
responsible for its anti-neoplastic activity. As shown in
Fig. 3a, after indicated treatments, cell cycle progression
was mainly caused to alter by the pulp’s components,
whereas peel and seeds only marginally affected the cell
cycle. Furthermore, the pulp also proved to be mainly

© 2011 Blackwell Publishing Ltd, Cell Proliferation, 45, 22-31.

responsible for induction of apoptosis, with a value of
76.9% + 1.6SD (Fig. 3b). Also, extract from the peel
weakly induced apoptosis, indicating partial contribution
of this to the observed cell death. When cell differentia-
tion was measured by CDllc detection, peel compo-
nents were shown to be as active as total extract.
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Morphology of NB4 cells examined after May—Grunwald
Giemsa staining further confirmed these data (Fig. 3c,d).
Thus, pulp components mainly influenced apoptosis,
whereas peel extract was responsible for cellular differ-
entiation.

To understand whether apoptotic activity may apply
to different cancer models, we tested total and compo-
nent-specific P. guajava extracts on breast, bone and leu-
kaemia cancer cells.

As shown in Fig. 4a, both total acetone P. guajava
and pulp extract exerted anti-proliferative effects and
induced cell death in MDA-MB 231 breast cancer cells.
However, U937 AML cells and U20S osteosarcoma cells
displayed neither cell cycle variation nor apoptosis over
time and concentrations tested, suggesting that only some
cancer models are sensitive to P. guajava treatment
(Fig. 4b,c).

Caspase activation and apoptotic molecular events
mediated by Psiduim guajava L. pulp extract

To investigate molecular events underlying P. guajava-
induced cell death, caspase assays (caspase 8, 9 and
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caspase 3/7) were performed. As shown in Fig. 5a, cas-
pase 8 and 9 were mainly activated by pulp extracts, thus
suggesting that cell death was due to apoptosis and con-
firming that the pulp component was the active anti-neo-
plastic portion of the fruit. To evaluate which molecular
players might be involved in this anti-cancer action,
expression levels of different known key factors in cell
cycle progression and apoptosis were analysed by western
blot analysis, in NB4 cells. As shown in Fig. 5b, after
48 h of induction, total acetone P. guajava, peel, pulp and
seed extracts induced expression of p21 and p16, known
cell cycle inhibitors. Taken together, these data indicate
that the most active fraction was the pulp, confirming
observations on cell cycle blocking (Figs 5b and Ic).
Under similar experimental conditions, expression levels
of pro- and anti-apoptotic proteins were analysed. Interest-
ingly, DR-5, FASL and BAD appeared to be induced after
treatment with total P. guajava and pulp extracts, validat-
ing the pro-apoptotic activity of both. In particular, only
treatment with pulp fraction led to significant reduction in
level of protein FLIP-L (strong inhibitor of caspase
8-mediated apoptosis), although expression level of
protein FLIP-S remained unchanged. (Fig. 5b).
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Figure 4. Psidium guajava L. extract and pulp extract exerted anti-proliferative effects on different cancer cell models. (a) Morphological analy-
sis of MDA-MB231 cells after 4 days treatment with total P. guajava, peel, pulp and seed extracts at 1.5 mg/ml concentration (b) Cell cycle analysis of
U937 and U20S cells after induction with pulp, seed and peel extracts for a period of 24 h and at 1.5 mg/ml concentration. Data show average of tripli-

cates.
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Discussion

Plants have long served as a useful natural sources of ther-
apeutic agents. It is generally recognized that consumption
of a variety of local herbs and vegetables significantly
contributes to improvement of human health, in terms of
prevention and treatment of disease. At present in many
developing countries, around 80% of available drugs are
derived from medicinal plants. Frequently, in industrial-

© 2011 Blackwell Publishing Ltd, Cell Proliferation, 45, 22-31.
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ized countries, raw materials used to synthesize pure
chemical derivatives have had plant origins (12).

Psidium guajava L. belongs to the family of Myrta-
ceae (21). It is a tropical plant widely grown in Taiwan,
Hawaii, Thailand, the Philippines and Malaysia, where its
fruits, leaves, and bark have been traditionally used in her-
bal medicines, and they exhibit many therapeutic effects
including amebicide, analgesic, vermifuge, anti-malarial,
anti-bacterial, colic-relief, anti-spasmodic, astringent, anti-
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ulcerous, hypotensive, anti-inflammatory, anti-hypergly-
caemic and anti-diarrhoeal properties, as well as acting as
a gastrototonic cough suppressant and combating some
psychic diseases.

Anti-malignant activity of P. guajava has been inves-
tigated in our study and data concerning active anti-
neoplastic components of the fruit and its constituents are
presented here. Active factors of P. guajava fruits involve
ursolic acid, oleanolic acid, arjunolic acid and glucuronic
acid (22), saponin combined with oleandolic acid: morin-
3-0-a-L-lyxopyranoside and morin-3-O-o-Larabinopyr-
anoside; pentane-2-thiol (23-27); and flavonoids: guaijav-
arin and quercetin (28-31). In comparison, huge amounts
of B-sitosterol glucoside, brahmic acid, and polyphenolics
(165.61 + 10.39 mg/g dried crude extract) including gal-
lic acid, ferulic acid, and quercetin (32,33); and flavonoids
(82.85 = 0.22 mg/g dried crude extract) (33-37), and trit-
erpenoids (38), exist in guava leaves (32,33,38). Thus, it
is clear that P. guajava contains many components
reported to display efficacy against cancer. Although a
variety of constituents is present in the fruit extracts, the
main ones are bioflavonoids. Experimental evidence that
crude acetone extract was able to induce cell cycle arrest
and cell death in NB4 cells confirmed our hypothesis that
some of its components would have anti-cancer proper-
ties. When acetone extracts were prepared from P. guajava
peel, pulp and seeds, the active parts were shown to be
peel and pulp, capable of inducing CD11c expression and
apoptosis in acute promyelocytic leukaemia cells respec-
tively. Differential sensitivity shown by different cancer
models, such as breast cancer and osteosarcomas, suggests
both some cell-selectivity and very low toxic effect of the
extract.

This hypothesis was also confirmed by evidence that
cell death, occurring after treatment, was caspase-medi-
ated and able to activate both cell cycle and molecular
death programmes. Not only caspase 8 but also FAS,
DR-5 and BID were regulated, mainly by total and by
pulp extracts (Fig. 5), strongly suggesting involvement
of death receptor-mediated pathways in modulation of
apoptosis. Although not fully understood, abundance of
flavonoids in P. guajava pulp extract indicates that they
may play a key role in anti-malignant activity of the
fruit.

Taken together, these data provide a new perspective
for analysis and use of natural products in the treatment of
human pathologies, and indicate that plant components
can exert anti-cancer activity. Given the need for new
‘smart’ anti-cancer drugs, in-depth investigation of the
properties of natural products with no more than minor
side effects, and targeted action, may represent a new
approach to future development of cancer-selective drugs.
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